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(74) CHEIB OlferS 

(54) ^m^±mB AHM^AIB^oi HtHlfl B^^a^ a 0121 gait 

@ S^S^a Ai«^AIB±(KCTC 2111) 3^21 §!S§W0II ^IW 6ri= ^dlM 

^4=±S^(sorbitol dehydrogenase) ^ 0IB 3Eo[^ ^^JXhOII 3S0ID. ^3in^iE1 AI^AIB^ 
^^EH MEL 3fll£! ^blM m^±W.± ! c= 3 JH2I AiH^LI^^ ^EIOH &!£D1, HIM^flM^! iHfc(PQQ) 
8 S^ofe 75 kDa MX^2I m^±m.± Ai3^UM2J HI 1 AiM^LI^, 50 kDa MJH£2I Al^3 

m 21 M 2 AiM^LI^, II dlH 1*4^ ££21 §2^ ^tl ofc 29 kDa SX>gf2l HI 3 A1 

h^li^^ ^^acH ^ins ^his i^±m±oiQ. 3£in ^diM m^±^.±°\ &&x\$= 2265 

bpM Site HI 1 AiH^LIM£F 1437 bpM Sife HI 2 Ai^^LIMfi SSolEM. 0IM AH^^LI^fe Hl°^± |o 
S iB£l^ 5.7 kb 32121 DNA ^SLHOll £SEI0< 2JQ. 

CHHSE 

H5a 

SAilAi 

£S2I ZlB^h 

£ ig p h 5 sy ph 62i ^a^^on^ o\mm deae-tsk mm asots neHniM ublm 3301Q. 

£ 2J= DEAE-TSK 3SD^3EHEI Oil 2loH El 3 IjU III 3 1121 SDS-PAGE UBth 5101 

D. 

£ 3B e^S^^IEH Ai^AIB£2l #0IM HI 1 Ai«$?UM2l OrQIin ^Bi S^ofe 1.53 

kb DNA i*^(#SDH 2-1)01 GEM 5-121 ai§*s± XI£S UBL" 5101 D. 

£ 4fe UP GEM 5-18 XHSSrfc l^ 5.7 kb DNA SEOII 2iCHAi, 01 a PH2I HISSES iBof 

01 SI, S2 ft! S3 DNA BE 21 ?|XIM UBfcH 5101 Q. 

£ 5fc= HIS£± mBel 5.7 kb DNA §@LH2I SJIAi^g UEJfcH 3H0IQ. 

1*921 ^Aiim mm 

^SOI ^6U= 31 3 ^0^21 seo^ 

m iS8 SP3±c*4EH Ai«^AIB±()2l #hJIM e4*±S4:(sorbitol dehydrogenase) %± 0121 gSXKHI 
510ID. 

^tilM If^±m±^ ^blMe 28AI3li= o^2l ^OH^ ^§6^, blEfB C ^ e^^2l S^X-il 

^ ^S£l^ ^^±21 Hl^2f m.±^ ^BIJ1 2iQ. ^dlM^^EH HISofe g§§ 

^TEH Ai^^AIB^ t OUil^^EI X^dls()H[ S^i^OII 2I6H ^SEIffl, e^2l SECHIA1 24 AlZf OILHOll 
96 LH XI 99%2I S80I OI^OH 5J CKLiebster. J. , 50, 395(1956)). 
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m^s^eh ^oiiAi aaafe #biM m^±m.±^ 3 ^m.±°\ mo\&ou cqb nad-2I^&, nadp-2IS 
& m\n NAD(p)-ui2i^^ ^u\m m^±m.±^ ^weich, oi d\^b as^2i &mo\\ 

301 ofe 51B NAD(P)-bl2l^£ m.±°l 51o^ °[ QKCummins, J. T. ., 224, 323; 226, 
301(1957)). 

& mmx\ 0I2I- ^ b I M 2.I #M±^2I S&OII BOIofe CHH^IB ^a|^oj e^P3in^Ei Ai^AI 

B^(KCTC 2111)21 SSS^tOII SmJ-aOi #blM I^r^S^M SHI of 01 ^S Ml}}, 01 01 

§m §j n±m&o\ saa ^3^s a-im^aib^ ifo 3254 ^ ^bh£i fad q. 1 ?^ ^u\m ir^±m 

±(Shinagawa, E. , 46, 1 35(1 982))£F 5i± Q.=?g eOl □§ AH^S $tll> &3o*afe= 
HI. 01 IIIBSfltea fl^(PQQ)e 3 JH2I AiH^LIM^ ^^EICH 2!Q(Choi 

125, 45(1995)). 

^, SYP UHIK^blM 5%, ^S-HS 1%. m.^J\± 0.5%)OIIAi BHgf6>W ^3^^JEi 
Ai*^AIB^:(KCTC 2111) ^AilM 10 mM £&&§Qi!(pH 5.0)011 ed^, Hf±H6101 &§2H§ SSfeJga 
of 01 SlSS^t £I4*o>SQ. 1.5% n-*Bg^3AIE(tHIS}ie>oJaA0» MJ\o\W DiSSiMtl 

§J°| CM-TSK 650 (S)(MerckA0, DEAE-TSK 650 (SKMerckAF). Mono-S(PharmaciaAf) St! 

Superose 12(PharmaciaA02> 1=S &a£l 1^1 01 §6101 NAD(P)-bl2l^ ^blM B^:±:g±B SHI 
o^Q. 0121- »0I SHIS ^blM, °JLI1, £1 dig § 01 Ei 2*2* 100%, 68%, 70% S^AI 

§ SH?IS ^I^Qil QH6H W&m UBBQ. ^61, S HI S^^lfe^i fife SIHAI i^OI 9bH SE 

e^offe e. 3&s±^Ai niM^fi^^ s^Pofw sg^§| ^ §^i& m.±n him^^i^^i ?\ 

feg 5iii S 4* £!£3, ^ii SHI 01 Sr^fe AI^BM m J\X\$= 5ie S ^ 2!«Q. 

SAilS £±te pH 4.321 ^£2 0ilA1 S^IS = (Reisfeld, R. A., 195, 281 (1 962))6F01 t^S^ ofB BE! 

m&o\%LIl, 12.5% SDS-PAGE ^ CHI Ai 75, 50 ^ 14 kDa ^X\^M Ail AiMSUMS ^EICH 
£!fe 513^ UEUdfeQI, 0IM M^gOl B ±AiCH^ HI 1 Ai^LIM, HI 2 AiM^LIM gJ HI 3 AiM^? 
LI^S SS»aQ(Choi ? 125, 45(1995)). 

□ aU § EH &AHIS ^21, 29 kDa S^gS EE DM AiH^UM^h ^dl§ I^±S±2I ^S^IOil OH^ 

12^ ^mm ofe 5ie ar^ni ei^d. ^, deae-tsk a^£[ §hiai2i b^^ Mdi^e s^ai^i^i 

?IoF01 01 a pH ^2iS ^A^FB e. pH 6 . 0 Oil Ai #tilM ^^^s^: DlXl^ R\BD[ ^^51 s^^^ 

e ^^ofe EIB£^ m±ST^e £!§5]2§ ^Xlofe 21321 ^ HI 3^ ^El£|^ >1M l^ofSD. S^S^ 
01 o^S^o^ HI 3^ 2^61 m^l^^S &^6fe Ul32fe g£| 29 kDa MXf^2l Ai^^LI^M 

^J\^ J\X\Jl 2i§§ ^^il aS2Dl, 01 Ai^^LI^M HI 3 AiM^LIM^ XHSSo^D. ^, 14 kDa ^XF^ 
21 HI 3 AiM^UMfer Dm AiM^LIM£F2l ^CH^ ^ §§ HH AIM^UMBIPr M^^ofD. 

0J5F 29 kDa ^Xf^2l HI 3 AiH^LIMM J\X\^ SHIa^M AFSofOI ^U\M m^±^L±°\ m&m m CH X\ 
All 61 ^Afo^D. 

^dlM ^^±m±fe *dlMe ^1^^ h\§o\5im ttH2l DI3^£|^-e!l&i(Michaelis-Menten) 

K m =120 mM, V max =3.9x 10~ 5 M/min^^ ^A^I^D. SEsi. ^blM m^±m.±°\ £lX\^^Xi\^ DM^^ 

IHIte BSEIHIM(dichlorophenol indophenol; DCIP)0IU nnaAI0fU0IE(ferricyanide)^l- 1^25 *!S 
6^3, a^OHJHSISAI HI U£j 011^^1111 01 M(phenazine methosulfate: PMS)M 3 SSSI S 

UBLH^D. §HI£! EEfe OOUI^ 01 S Oil 2I6H S^2I g^fM UEIUi= 2iB, ^£1 

ois^ &m x\m^^m ueflh^d. 

3&LK ^blS ^=^±m±^ £]§gsi()1l ^^oFOI ^XHo^3 213, 3 Sl^eOI 0.05% SEOII MjUoFHS 01 

21- ^m, SHIOII 2I6N a}^^o^ m§o\^ CHI^ CH^gOl & k Cfe £HI§0l ^CK 

H^Ai, B ^SJ^g bIBB C gJ ^^^21 ^^^B S^HI^ 1§S^ #3^:21 ^^011 i2§[ ^l±°1 m 

biM m^±^L±m ^mm±mEi aim^aib^ ^^¥ei mei, s hi of 01 3 ^§6ioi shi^i ^± 

ElS^fl^^l fH^(PGQ)e 5^6fe 75 kDa MX^2I W^±m.± Ai^^LIMB Ail 1 Ai^^LI 

M2I- AIS3M B 50 kDa ^X\^2\ HI 2 Ai^^LIM, 3BI3 #blS m^±zL±°\ Bg^Oil §2^ ^mm 
ofe 29 kDa MXf^2l HI 3 AiM^U^M D\X\^ °*Mmm #blS m^±^±^m 01 ^ AiM^LI^ 

21 omi^B omi^^ Ai^e i§6^d. 3Ei3 ^bie m^±m±°\ ^&x\m i^yafoi 3 dna s^i 

Ai^e 6H^&o^Mi Ail 1 AiH^LIM£F Ail 2 AiM^LIMOII DNA g^lAi^M i§i ^ ^l^l £IS!D. 

^901 01^3^6^ ^l^si jUBI 

^ ^S2I ^3^«IEi AiM^AIB^()2l &mm^0\\ ^AHofe #blM m^±&± ^ 0121 ^SAH 

Hl^ofe 330IQ. 



^S2I ^P&! §J 

=s|o(| s ^§(>l|Ai^ 75 kDa2l HI 1 AiM^LIM(subunit), 50 kDa2l Ail 2 Ai^^LIM §J 29 

kDa2l HI 3 AiM^LI^S £^6fe, ^¥3^«IEi Ai^^AIB±()2l °*MmM mtt\m m^±m.± ^ 

^^IEi AiH^AIB±(KCTC 2111)21 Ail^s± I Oil 21 oH iB£fe 5.7 kb 3^121 DNA ^^Oil 5&£l^ #bl 

m m^±m.± &mxm hissd. 

^¥3^^IEi AiH^AIB^(KCTC 2111)21 £J§ii^3^^Ei ^^21 lit Olg^OI ^blM m^±m.±m 
^£1 SHI^LK §HIB m.±°\ 01 di m&M =R&61H, ^ Ai^^LIMM ^^ME-lah « omi^^ Ai 

m B^^KApplied BiosystemsAK 477A)M OlgofOI ^ AiH^UM2l Omi^^B Ai^e ^§&1D. 

HI 1 Ai^^UM2l Omi^^B OfOI^^ k\mm £QH^ 0 1 CHI CHS ^§6f01 HB0ICH 1 Hf HB 

01 Oi 2m m&mU. e^S^^lEi AiH^AIB^^^a >il^ DNAM MB^DIE pBluescript 

SK(StaratageneAO0il B^6f3 =^0lffl 1 3f 2S 0I85KM SSP-PCR ^SOil tt^B 30 AhOIMM ^AlofOI 
1.53kb 3^121 #SDH2-1 M2.ISD. 0I HI 1 Ai^^LIM2J Omil^^B S^SQ. 01 

#SDH2-1 EE^m MB^0I3 pBluescript SKOil B^oF3, 0IM 0I§^01 CHS2i S^S^Al^i ~, MM 
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aasiB miasm mb^dibm *ssq. 

^u\m m^±m.±°\ $mx\ boi^bbm hi^s^i ?iofoi, ^b a-is^ai&±^e» 

}j|fe DNAOii HI°m^M XHBofOI GEM-1 1 (PromegaAf) Oil i^yet DM, B*!^B #SDH2-1g 01 
gofOI 6^1 DOI^dHB^^EI 3D GEM 5-1 S g£ISQ. OICHAi, mO GEM 5-18 HI§[S±^ iBofOI 
S{ 5.7 kb BJI2I DNA iSi SOUi DNA Ai^e M^D. 01 i^i HIS£± lllf I, HISsrfc I If II ^ 
fllSm± 121 12? IBofOI 2|2| S1 DNA &B, S2 DNA BS ^ S3 DNA B55i HI^SQ. S1 , 

S2 ^ S32I 2| DNA 3Sii Exolll-S *J(Mungbean)(StratageneAf)e OlgofOI DNA ^J\k\mm 6H^ 
BT ^ SID. 

01 B ^01 oH^B SBAi^e M^ofS, ^¥3^BI Ai^AIB±2l ^tilM B^±a£0llfe 2265 bp^ ^ 
&BCH £!B 79,139 Da2l SWgfS £^ HI 1 Ai^LI^ ^ 1437 bp^ ^SEIOI &!B 51.368 Da2l gXHT 

m sffc hi 2 Ai^u^m Hi§m± Eg iea^ 5.7 kb bbb dna s^lhoji b§bch £ih&qj= 5is 

^ ^ SID. 

Olof, g i^i S3 1 41 Al (Ml Oil 2IXofOJ 5 CH ^AIISMI ^SofBXf &D. S( ^AIOII^ S iSi Oil Al 
oPI ?IS 33 S B »S2I g^Pf OIMBB^ HIS£|fe= OF LI D. 

[MAI Oil ] 

(B2I 1) XII 3 Ai^UM2l S£| ^ 

Ai^AIB^(KCTC 2111) #blS B^±S±2I gmnfS g MOI^ IH^i^B 

DEAE-TSK2I pH fflSHHI \L\m B^U MBs §J li±irg£2l 2JSS0II BofOI ^Afof&D. 
CM-TSK ig§ §6H ¥^§HIB AI^M pH 5 ££fe pH 62I 10 mM OlgofOI DEAE-TSK ^ 

il B^OfMBEHHIM -| ia§ UBLHfe 2| ^21 m.±m&m ^§6fSD. 

£ 10IIA1 df£f 1*01, pH 62^ §^§J 3^(b):?f pH 5M Afg°! g°( a ) 2D B MoHsOl II B CH 

2oi, m± t^e eoi^ ei 3 i if ma iDf ±^smi mbs&id. 

^ ElBJf SS6I §£IS pH 62? DEAE-TSK B^Of^ZIdHIIIOll 21 oH ^EIB SS|B°I 

SDS-PAGE ^Hfe £ 2011 LfDLHSD. £ 2a^ S ^JKH m& EIHB HIB I CHI Ai §§S M^M^AI, HI M 
mS R^Xm B^lii DDtH 510IB, HI 1 LH XI 4 S CHI AH SS0I. HI 1 AiM^UM2f HI 2 AiM°U§£l 
75 kDaHf 50 kDa «HE^ B^BIIB HI 3 AiM^LIMB 29 kDa2l VhEzJ\ DDDII &^2ffl, 01 S^OII^ 
§i ^ 1 Al B «0IJ^ ^ 10 m 01^21 s^t^OI ^^£1^ 5ie ^ ^ 2i£Q. £ 2b^ ^ El 3 

b niB iioiia-i mm& ^mm^k\, hi m s^^if^ B^^e udui 5101B, hi 5 mil 8 a chi a-i 

01, ^ AiM^U? 2I0IIS HI 3 AiM^LI^B 29 kDa eUEJf ^IHote HIB 1121 S^OIIfe ^±^^01 BQH? 
^Il£l^ 5ie i^Bof&D. HI 3 AiM^UMB 29 kDa ^Jf^2l B^^B ^dlM m^±^±2\ S|@ 

^I^IUf BB0I 91^ ^JfagTIIOll BWi ^f^^OI #dlM ^^^^^21 i^Ei Bg^AI 

31^ Gil Oil ^lOlof^ 512? Af^&B. 

(B5II 2) HI 1 Ai^Ll? XHI 3 AiH^LIM2l OfDI^^B OfOlt^ k\m i§ 

^¥3^^Ei AiH^AIB^(KCTC 2111)21 HIM^^I^^! fl^(PQQ)e ^m±^. #tilM ^4=^S^S 

Mdl §HI6fB(Choi, 125, 45(1995)), SHIB ^^21 ^1 AI^^UMM ±^^dl£[ ^1 OfOlinB Ai^ 

21 (Applied BiosystemsAK 477A)M 0l§of01 of^l Ai^ 121 HI 1 AIH^LIM ^ 6^1 Ai^ 221 HI 3 AiM^ 

UM2t omibz^B kmm nsofsiD. 

[Ai^ 1] 

Glu-Asp-Thr-Gly-Thr-Ala-lle-Thr-Asn-Ala-Asp-Gln-His-Pro-Gly 
[A1^ 2] 

Ala-Gly-Thr-Pro-Leu-Lys-lle-Gly-Val-Thr-Phe-GIn 

(BSI 3) HD0ICH Hl*t a! 1.53 kb DNA i*S2i ^£| 

HI 1 Ai^LlM2l OfDI^^B OfDI^B Ai^M £CH? 01 CHI CH§[ ^gofOI HB0ICH 1(5- 

CCGGAATTC GAA(G) GAT(C) ACl GGI ACI GC-3') S! HSiOlffl 2(5'-ATT(C.A) ACI AAT(C) GCI 
GAT(C) CAA(G) CAT(C) CC-3')M i^^ofSD. 

B31IQ2I- AIDIEE2I ^S(Takeda Shimizu, , 72, 1(1991))0II CEfEF ^¥3bz^lEH AiM^AI B±?^EI ^mel 
DNAM Hl&.^^ HI2^ ^M^BSf&D. OICHAi MB^DIB pBluescript SK(Stratagene Af)M lUf HI 
o? IB^ m t HI ^IXIOII ¥^IB^ DNAM B^SfSlD. 

H£f0ICH IjU MStOICH 2, ^ T7 HD0ILHM Ol^ofOl SSP-PCR ^^(White, B., SSP-PCR and 
genome walking, in PGR protocols, Humana Press, 15, 339(1 993))0II HfD 30 Si ^AIS m, 1.53 kb 
H3M2I MB #SDH2-ie ^dlof^B. 

^£IB #SDH2-1 mmm m&±n\^ pBluescript SKOII B^ofB 0IM OlgofOI LH^B DH5 a H 
AI^J *, ^El^^l 100/^/mL0l S^fB LB OH Zl CHI Ai UHSojaD. 0ICHA1 g(Sambrook, J. , CSH 

Press, p. 1.25 (1989))2^ MB±DIBM ^^ofOI 0IM HB0ICH 1 ^ HEfOIW 22f BgAl^e [ffl g>^2 
? B^of^o ffl( oi #SDH2-1 HI 1 A]^^UM2I OfOlt^B S&ofJIB 3f = ^AI^B 

e ^B ^^B. 

(B2I 4) 1.53 kb DNA 0\Bel 15 kb DNA ^^21 ^£1 

#SDH2-ie DIG(bllij>1Bo^Af)2? Ef^Sf SfSl D(Ausubel, F. Protocols in Mol. Biol., Wiley Sons 
Inc., p. 2. 4.1 (1987)). 

i&dlS m^±WL±°\ ^BXI- BOIM^BM HI3E6^I ?l of 01, ^>^l (B^ll 3)Hf ^^og e^Bl^«IB Ai 
^^AIB±(KCTC 2111)?^EI DNAM ^^6fB 0IM Hle[s^ 3A? ^^^B°l 15 LH XI 23 kb HD\ 
21 DNAH ma GEM-1 1 (PromegaAf)2l HI ?IXlOII of^D. 

£D\ ZmmZi #SDH2-ie OieofOI ^^l BOI^BB^^EH 1S kb B^I2I BCf GEM 5-ie ^B of^B. 
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EE 3^ MO GEM 5-121 HISS± XI£S UBfcH 3dOID. 

5) 15 kb DNA §51 e I 21 <£J\k\m oH^ 

irQ GEM 5-1 § Hl°!l± iBofOl #SDH2-1g 2S6fe ^ 5.7 kb H3M2I DNA i^i^SiD. 
SJlAi^ 6H^e 80I5MI o^l S4SKW. 5.7 kb DNA iSi 2j2j fl|Ss±: |^ |o^ gc f £[ S1 DNA BS, 
fll§[s± I alF IS iB^ S2 DNA BH m\H B\§lU± 111 I2g gas S3 DNA B^e Hl^o^Q. 
£ 4fe GEM 5-ie XII SS± I2g SBoKM £g #SDH2-1S 5g*mfe 5.7 kb H2I2I DNA i@ 
Oil aiCH Ai f 01 a g#2| ^BofOI fll^fi S1 , S2 S! S3 DNA BB£I ?IXIS UEFUi 210IQ. 

^S1, S2 S S3 DNA2I S2IA1SB Exolll-ae!(Mungbean)(StratageneA»B 01 § of 01 oH^lorKQr. 
£ 51= Hl£*s± 5.7 kb DNA ^£LH2I S3IA1SS U EJ- fcH 3J0IQ. 

OOOilAi S^OI, A^B-iPfk: Ai^B 'AGGA'*= 651 -654 bp Oil ^IXlorlQ, HI 1 AiH^LIM2l AD^ Ai^ 
8 665-766 bp 01 1 ?IXlo>ffl. 01 AIH^ DEIE2I- 8 a*! HI 1 AiH^LIMM 3^ofe 767-2926 
bpOl! SM»aQ. 0I51B 754 3H2I Omi^B ^Sofffl, H OmitHB Ai^OI HI 1 Ai*$?LIM2l OhDIi^ 
AiS^*1 ^Ef g-i£H*J 15 ;H2I 0mi^6i Ai^HI gixlofe 3JS » ^ 2!SQ. OICHAi 2950-2953 bpOII 
M21 — ^D[}ji Ai^(AGGA)0l ^XHoHQ, HI 2 Ai^UMi= 2964-4400 bp Oil ?|j|o>SOM. OI^B 478 

2i omi^s a a am. sxissoii oioui y^Ai^oi wajH sxh»sd. ee&k 01^21 sjia-ihs 

m&m B^^2l MXUfB HI 1 AiM^UM^ 79 kDa, HI 2 A-IMSLIMfe 51 kDao^Mi, 
±21 ^UIB 75 kDa 3! 50 kDa ^X^HI ^K\mm m ^> 

nan ahi^lhohai ^2£iB m»s?i*a ^i^(PQQ)e 5^sn=r m^±m±m°\ o\u\±^&m 

3f = **Aia& ¥?l01IAi ^S5H^^ ^xlofOI UBLfe AH^MOI HI 1 AiM^LIM U Oil ^XH^S ^ £12! 

m. omi^se ^?i oil ^XHofe ^s^ib ^x\k\m^ o\d\ km 30ii ueilhhh, ^h^aibb ¥?ioii exh 

ote ^S^B HXIAIfflB o^l A1^ 4 Oil UBLH&Q. Olfe HI 1 AiH^UM^ IIISSiHte&! fife 

M 5ioH 2ii§ i§ofe EE Di » 4* SICKOUIOIIAI Xaa^ 2J2I2I OmiEc^OIQ). 

[Ai@ 3] 

[Asp/Glu/Asn] -Trp-Xaa-Xaa-Xaa-Gly- [Arg/Lys] -Xaa-Xaa-Xaa-Xaa-Xaa-Xaa- [Phe/Tyr 
/Trp] -Ser-Xaa-Xaa-Xaa-Xaa- [Leu/lle/Val/Met] -Xaa-Xaa-Xaa-Asn-Xaa-Xaa-Xaa-Leu- 
[Arg/Lys] 

[A1S 4] 

Trp-Xaa-Xaa-Xaa-Xaa-Tyr-Asp-Xaa-Xaa-Xaa- [Asp/Asn] - [Leu/lle/Val/Met/ 

Phe/Tyr] - [Leu/lle/Val/Met/Phe/Tyr] - [Leu/lle/Val/Met/Phe/Tyr] - [Leu/lle/ Val/Met/Phe/Tyr] - 

Xaa-Xaa-Gly-Xaa-Xaa- [Ser/Thr/Ala] -Pro 

01 2I0ME S^l A1^ 52I ^l(heme) ^^Ai^OI XII 1 A1^^LI^2F Xil 2 AiM^LIM LHOil 6HJ- EEfe Ail 
^IWmm ^Bo^CKOI^IOIlAi Xaa^ gJ2l2l O^DI^OIII, Yaafe Xaa2fe L\m 2J21 21 Omiin^OID). 
[Ai^ 5] 

Cys-Xaa— Yaa-Cys— His 

DNA SJIA-1^21 e^^S ^Hf, HI 1 A1^^LI^2I DNA g^lAi^B ElM^^I^&i fl^S 

5io}^ 01 EH m^±£L±2\ ^B ^A^e SS^Cil, ^61 OUil^^El M£I^^Xiim^()2F OUilS^EH OF All 
EI()2I ^^±a^£F 77%(Tamaki, T. 1088, 292(1991 ))2h 70%(lnoue, T. , 171, 

3115(1989))2I m^&m e^D. HI 2 AiM^LIM2l DNA ^JlkimS ^^S^^EH AiM^AlB^ IFO 
1252821 Al Si3H -553(Takeda and Shimizu, f 72, 1(1991))2I A1^Hf ^B mm&m UEf^Cl 
DNA S^l^ ^^^B 83%, 0F0l^6h k\m& ^^^B 88%^ UB^D. 

OI2f ^01 HI 1 Ai^^LIM2h XII 2 AI^^LIM^ 6FU2I SIHI^Oil Z\X\mm ^Bo^D. mm 29 kDag 2E 
ofe HI 3 Al^U^fe OF^I m&olX\ ^o\<SO. 



^S2I 531 

01 ^ CHI AH ^3in^EH A-1«^AIB^(KCTC 2111)21 #tilM ^^±^±21 ^21^ 2265 bp 01 1 21 oH 
te HI 1 AiH^LI^, 1437 bpOII 2I6H 3EEIfe HI 2 AIM^LIMM S^ohffl, OIS AiS^UMte H\&&± 12 
^ iB£l^ 5.7 kb H2I21 DNA S ^ LH CHI B^£ICH ^ ^ 21 0. 0\M S^IAi^B GenBankOll XII 

U26263 ^^Ai 1995 £ 5 M 4 ^CHI e^ElOl 2!D. 

(57) ^^P2I 

1. 75 kDa2l HI 1 AIM^U^(subunit), 50 kDa2l HI 2 Ai^^LI^ gJ 29 kDa2J XII 3 AiM^UM 
m S^ofe, ^n^^El Ai^^AIB±()2l ^Mmm ^tilM ^^>±m^:. 
3^ 2. HI 1 i^Oil £!OUi, 

XII 1 Ai^^LI^ LHOII H!M^?li§&! fl^(PQQ)g ±m.±^ Si^ofe m^±^±. 

m^m 3. hi 1 »oii aioiAi, 

hi 1 k\*^umj[ o\j\ k\m 121 ofoi^^B omii^^ kimm s.mo\^ 51s ^S2S 6fe ^dia 

[Ai^ 1] 

Glu-Asp-Thr-Gly-Thr-Ala-lle-Thr-Asn-Ala-Asp-Gln-His-Pro-Gly 
4. HI 1 iJOll 210\M. 

XII 3 AI^^LIM^F o^l A-i^ 221 Omibz^B OFDI^z^ A1^e S^of^ 5!e ^§2^ #dlM ^^±S 
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[k\m 2] 

Ala-Gly-Thr-Pro-Leu-Lys-lle-Gly-Val-Thr-Phe-GIn 

m=?m 5. hi 2 mow &0Ui. 

HI 1 Ai^LIM UOll Hlg^?l^£! ?lfe(PQQ)g £m.±^. 2&ofe 6dlM »4=±a±2l OfOI^^B ^£l 
01IA1 o\J\ k\m 32l| Om±£± A1SS S^ofe ^§2? ofe ^tJIB I^^m^COUICHlAi Xaafe £J2I 
21 OfOlhz^OID). 

[Aig 3] 

Xaa-Leu- [Arg/Lys] 
&=?m 6. HI 2 m0\\ 9iO\M, 

HI 1 AiH^LI^ UOll ElfiS^fe^! fl^(PQQ)e 5Sofe ^tilM Ih^S±2l 3h = MAiaB ¥ 

?l (HI Ai oPI k\m 42I Omik:^ k\mm 5&ofe £g ^§2? ofe ^dlM B^±S:£((O0IIA1 Xaafe & 

SI 21 omi^^oiD). 

[A1^ 4] 

Trp-Xaa-Xaa-Xaa-Xaa-Tyr-Asp-Xaa-Xaa-Xaa- [Asp/Asn] - [Leu/lle/Val/Met/Phe/ 

Tyr] - [Leu/lle/Val/Met/Phe/Tyr] - [Leu/lle/Val/Met/Phe/Tyr] - [Leu/lle/Val/ Met/Phe/Tyr] - 

Xaa-Xaa-Gly-Xaa-Xaa- [Ser/Thr/Ala] -Pro 

s^d- 7. hi 1 mow aoui 

HI 1 AIH^U^ ^ HI 2 AHM^LIM^ SUI A1^ 52I H(heme) l^tHi^e 5i*6fe 51M ^§25 ote ^ 
bIS I^±m±(OPI0llAi Xaafe SJ2I2I Omi^OIH, Yaafe Xaa£ffe am 2J2I2I OfOI^OIQ). 
[A1^ 5] 

Cys-Xaa-Yaa-Cys-His 

m=?m 8. g¥3inStEI Ai^AIB±(KCTC 2111)2I fllSSrfc I (HI 21 SH ^BEJfc 5.7 kb 321 21 DNA M 

bow s^Eife mu\m m^±m± ^2 jk 

g^sh 9. HI 8 SOII &1CHA1, 

^dlM m^±m.± ^£±X\J\ 2265 bp2l HI 1 AiM^UM §J 1437 bp2l HI 2 AI^^LIMM H^ofe £blB 
%=?m 10. HI 9 UOll £!CHAi, 

HI 1 Ai^LIM^ o[J\ Ai^ 621 ^J\k\mm 5Ho[^ 51S ^§2? ofe #bl« m^>±m± ^2XK 
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[k\m 6] 

665 ATGCTTTCTC GTCTACTGAC GCCCATCAAC CTTACCAAGA ACCCCCTTCT GGCTTGCGCT 

725 GCTGCTCTGG CATTCTGCGC CACCTCTCCT GTOGCCCTGG CTGAGGACAC AGGAACAGCC 

785 ATTACAAACG CCGACCAGCA TCCGGGTGAC TGGATGAGCT ATGGCCGGAC CTATTCCGAG 

845 CAGCGCTACA GCCCGCTGGA TCAGATCACC AAGGACAATG CGAGCAATCT GAAGCTGGCA 

905 TGGCACTACG ATCTGGATAC CAACCGTGGT CAGGAAGGTA CGCCGCTGAT CGTTGATGGC 

965 GTCATGTACG CCACCACAAA CTGGAGCAAG ATGAAGGCTC TGCATGCAGC TACGGGCAAG 

1025 CTGCTGTGGT CTTACGATCC AAAGGTTCCA GGCAACATCG CCGACCGCGG CTGCTGCGAT 

1085 ACGGTCAACC GTGGTGCAGC CTACTGGAAC GGCAAAGTCT ATTTCGGCAC CTTCGACGGT 

1145 CGCCTGATTG CCCTGGATGC CAAGACCGGC AAGCTGGTCT GGAGCGTCTA TACGGTTCCC 

1205 AAGGAAGCGC AGCTGGGTCA CCAGCGCTCC TACACGGTTG ACGGTGCTCC CCGTATCGCC 

1265 AAGGGCAAGG TCATCATCGG CAACGGCGGT GCAGAGTTCG GCGCCCGTGG CTTCGTGACG 

1325 GCGTATGACG CTGAAACGCG AAAGATGGAC TGGCGCTTCT TCACCGTTCC GAACCCTGAC 

1385 AACAAGCCGG ACGGCGCAGC GTCTGACGAC GTGCTGATGT CCAAGGCTTA -TCCGACATGG 

1445 GGCAAGGGCG GCGCGTGGAA GCAGCAGGGC GGTGGCGGTA CCGTCTGGGA TTCGCTGATC 

1505 TATGACCCTG TAACGGATCT CGTCTATCTG GGCGTCGCTA ACGGCTCGCC ATGGAACTAC 

1565 AAGTTCCGTT CTGAAGGAAA AGGCAACAAC CTCTTCCTCG GCAGCATCCT GGCCATCAAT 

1625 CCTGACACCG GCAAATACGT CTGGCATTTC CAGCAAACGC CAATGGACCA GTGGGATTAT 

1685 ACCTCGGTTC AGCAGATCAT GGCCCTCGAC ATGCCGGTCA ATGGCGAAAT GCGCCATGTG 

1745 CTCGTGCATG CGCCGAAGAA CGGCTTCTTC TATATCATTG ATGCCAAGAC CGGTAAGTTC 

1805 ATCTCCGGCA AGCCGTACAC CTACGAGAAC TGGGCCAATG GCCTCGATCC GGTAACGGGT 

1865 CGTCCGAACT ACAATCCAGA TGCTCTCTGC ACGCTGAACG GCAAGCCCTG GTACGGCATC 

1925 CCCGGCGATC TGGGTGGTCA TAACTTCGCT GCCATGGCTT ACAGCCCACA GACGAAGCTG 

1985 GTTTACATTC CCGCCCAGCA GGTTCCCTTC GTTTACGATC CGCAGAAGGG TGGCTTCAAG 

2045 GCTCACCACG ACAGCTGGAA CCTTGGCCrC GACATGAACA AGATCGGCCT GCTTGATGAC 

2105 AACGATCCAC AGCACAAGGC TGACAAGGCC CAGTTCCTGA AGGATCTGAA GGGCTGGATC 

2165 GTTGCATGGG ATCCGCAGAA GCAGCAGGCA GCCTTCACGG TTGACCACAA GGGTCCGTGG 

2225 AATGCCGCTC TTCTGGCAAC GGCTGGTGGC GTTCTGTTCC AGGGTCTCGC CAACGGTGAG 

2285 TTCCACGCCT ACGACGCGAC GACGGGTAAG GATCTCTTCA CCTTCCCAGC ACAGAGCGCC 

2345 ATCATTGCCC CGCCAGTCAC CTACACAGCC AACGGCAAGC AGTATGTTGC GGTTGAAGTG 

2405 GGCTGGGGCG GTATCTATCC GTTCTTCCTG GGCGGCGTAG CCCGTACGTC CGGCTGGACC 

2465 GTCAACCACT CCCGGATCAT CGCGTTCGCT CTGGACGGCA ACGACAAGCT GCCAGCCAAG 

2525 AACGAGCTCG GCTTCGTTCC AGTGAAGCCG CCTGAGAAAT GGCATGAAGC CAAGATCAAG 

2585 GACGGCTACT TCCAGTTCCA GACCTATTGC GCAGCCTGCC ATGGTGACAA CGGTATCTCC 

2645 GGCGGTGTTC TGCCAGACCT GCGCTGGTCC GGTGCGATCC GTGGAGAGGA GAAGTTCTAC 

2705 AAGCTCGTCG GCAAGGGTGC TCTAACGGCC TACGGTATGG ACCGTTTCGA CACGTCCATG 

2765 TCGCCAGCTG AAATCGAAGA CATCCGCAAC TTCCTTGTGA AGCGCGCCAA CGAGTCCTAC 

2825 GCAGACGAAG TCAAGGCCCG AAAGAATGAG GCAGGCGTCC CTAACGGCGA ATTCCTCAAC 

2885 GTCCCTCAGG GTTCGGTTGC GCCTGCAACG CCGGACCATC CGTAA 

11. JA\ 9 90II SJOUi, 
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[k\m 7] 



2964 
3024 
3084 
3144 
3204 
3264 
3324 
3384 
3444 
3504 
3564 
3624 
3684 
3744 
3804 
3864 
3924 
3984 
4044 
4104 
4164 
4224 
4284 
4344 



ATGCTCAAGG 
GCCGCCGCAG 
GACGCCCTGA 
ACCGCACTAC 
ATCTACTCCA 
GATTTCACGA 
ATGCCGTATC 
TTCATGCATG 
ATGAACATGC 
GGCCTCGACA 
CCAGGCCATT 
ACGGCCAAGG 
CCCAGCCTGC 
GAGTTCCTGA 
GTGGCCTACA 
AAGAGCATGC 
GCCCTGCTCG 
GCCATCTGCC 
AACCCGGTCG 
ATTCTGCCTC 
CTGTCTGACC 
GCTCCGGGAA 
TCCACGGCCG 
GGCGAAGGCT 



CATTAACTCG 
TCGGCCTCAT 
TTCAGCGCGG 
ACGGCCAGCC 
CCAACATCAC 
AGGCGATCCG 
CTGAGTTCGC 
GCGTGAAGCC 
GCTGGCCGTT 
AGAGCATCTC 
GTGGCGAGTG 
ACGGCAACGC 
GTAGCAATAG 
AGAGCGGCCG 
GCACCCAGCA 
CGGCCGTTCC 
AAGCCGGTGG 
ATATGAACGA 
TCATCACGGA 
CGACCAATAC 
AGCAGATCGC 
CCCTGTCTGC 
GCTGGAACGT 
GGACCTTCTC 



GGACAGACTG 
GGCAGTGTCT 
TGCCTACGTG 
TTTTGCTGGT 
GCCTGACCCG 
TAAGCGTATC 
TCGCCTGTCT 
GGTCGCCCTT 
GGCCATCTGG 
CGATCCGGAA 
TCATACGCCC 
TTACCTCTCC 
CGACACGGGT 
TATCGACCAT 
CTGGACCGAC 
GGAAGGCAAA 
CAAGGGTGAT 
TGGCACTGGT 
CAATGCAACC 
GGCGCCATCT 
CGATGTTGTG 
CTCGGATATC 
CTCTTCCAAG 
CCCGCAGACA 



GTATCTGAGA 
TTCGGTGCTG 
GCCCGCCTGT 
GGTCTGGAGA 
AAATACGGTA 
CGCAAGGACG 
GATGACGACA 
CAGAACAAGC 
CGCGCGATGT 
GTGGCGCGTG 
CGTGGCATGG 
GGTGGCGCAC 
CTGGGTCGCT 
TCTGCCGTCT 
GACGATCTGC 
AACCTGGGTC 
GCAGGCGCAG 
GTCAACCGCA 
TCAATGGCCA 
GCTGTTGCCA 
AACTTCATGC 
CGCAAGCTCC 
GGCTGGATGG 
CACACGGGCG 



TGAAACAGGG 
CCCAAGCCCA 
CTGACTGCGT 
TCAAGAGCCC 
TCGGCAACTA 
GCGCGACGGT 
TCAAGGCCAT 
AGCCGGACAT 
TTGTTCCGAC 
GCGAATACCT 
CCATGCAGGT 
CGATCGACAA 
GGTCTGAAGA 
TCGGTGGCAT 
ACGCAACGGC 
AGGATGACGG 
AGGTTTACCT 
TGTTCCCGCC 
ACATCGTGAC 
TGCCGGGCTT 
GCAAGAGCTG 
GCACATCGGG 
CCTACATGCC 
TGGATCAGGC 



ATGGAAATAC 
GGACGCTGAT 
TGCCTGCCAT 
GATCGGCACG 
TACACTCGAA 
TTATCCGGCC 
GTATGCCTTC 
CTCCTGGCCG 
TGTCACACCA 
CGTGAATGGC 
CAAGGGCTAT 
CTGGATTGCT 
CGACATTGCC 
GGCTGACGTC 
CAAGTACCTG 
CAAGGCCACG 
CCACAACTGT 
GCTGCCTGGC 
ATTCGGCGGT 
CCGCGATCAT 
GGGCAACCAG 
TACTGCGGTT 
GCAGCCTTAT 
TCAGTAA 
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5E£2a 



M kDa 

200 

9 — 97.4 

9 <<—~ — 68 



— 16.4 

— 14.3 



EE 2b 



8 M 



kDa 




200 
97.4 

— 68 

- 43 



— 29 



— 18.4 

— 14.3 



123 



Sac! 

Sactl 

BstXI 

Notl 

Xbal* 

Spel* 

BamHI 

Smal 

PstI 

EcoRI 

EcoRV 

Hindlll* 

Clal 

Hindi 

Accl 

Sail 



Ikb 



Apal 
Accl 



Sad 
EcoRV 



PstI Notl 



Sacli PstI 



Xhol 



Sail EcoRI BstXI Cial Smal 



EcoRI 



Sad 



Kpnl 

m 



ACCl 



Dral! 
Apal 
Xhol Kpnl 



ill I 
EcoRV BamHI EcoRV BamHI 



BamHI 



pBlue$criptSK+ 



2SDH2-1 
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Ikb 



PstI 



Not! Sac! Kpnl Sacli 
_U 



pBluescript 




SI 



S2 



S3 



10 



20 



30 



50 



60 



CGAGAACGGA AGCCCGCTGA AATCGACCCG TTCCCCATCA AAATACTTTT CGAGAAGATC 

70 80 90 100 110 120 

ACGAACCTTC ACCAGGAGCG GCGTCTCTTC CTGATCGC6C CCCCACCCCC AATCGAGAGC 

130 140 150 160 170 180 

AACAATACGC CCGTCATCTT CACTGATGGT CAGGGCTCCG AGATGGGAAT GGCAGGAAAG 

190 200 210 220 230 240 

CTGTGGCATA CAGATACGCT GCCCCATCCC CCGGAAAGCG TCAATCATGC TTCCCTAAAA 

250 260 270 280 290 300 

GAGTCCCTGA GAAAAAAATA CATGCGTGTC ACGCATATGC AGGGAGGCCG GTATTCTCAA 

310 320 330 340 350 360 

ATAACATATG GGATCATTTT TGTATGATTT CATGAAATAT TACGCACTTT GTTGAGAAAC 

370 380 390 400 410 420 

TGCCATTTTT TGTGTCAAAC CTGCGACAGA CACTAAAGCT GTTTTGGTTG TTTGGTTATT 

430 440 450 460 470 480 

AAGAATAATT CTCATGTAAT TAAGCGAGCG ATTTTACGCG GATAGTGCTC ACGGAGACGT 

490 500 510 520 530 540 

CAGAAGCCCA CGTTTCCGAC AAACAATAAA ATAAGCGAGT AGTAAGTTCA CGCGATGCTA 

550 560 570 580 590 600 

CGTTTTCCAG ACGACTTGGA GAAACTGAGG AGCACCTAGG CACCCACAGA GGCGCCTATC 

610 620 630 640 650 660 

AGGACTTGGA TTACGTCTGA ATACCATTAA CAGGAACAGT CTTTGCAAAA AGGACAGTCG 

670 680 690 700 710 720 

GATCATGGTT TCTGGTCTAC TGACGCCGAT CAACGTTACG AAGAAGCGCC TTCTGGGTTG 

730 740 750 760 770 780 

CGCTGCTGCT CTGGCATTCT GCGCCACCTC TCCTGTCGCC CTGGCTGAGG ACACAGGAAC 

790 800 810 820 830 840 

AGOCATTACA AAOGCCGACC AGCATCCGGG TGACTGGATG AGCTATGGCC GGACCTATTC 

850 860 870 880 890 900 

CGAGCAGCGC TACAGCCCGC TGGATCAGAT CACCAAGGAC AATGCGAGCA ATCTGAAGCT 

910 920 930 940 950 960 

GGCATGGCAC TACGATCTGG ATACCAACCG TGGTCAGGAA GGTACGCCGC TGATCGTTGA 
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970 980 990 1000 1010 1020 

TGGCGTCATG TACGCCACCA CAAACTGGA6 CAA6ATGAAG GCTCTGGATG CAGCTACGGG 

1030 1040 1050 1060 1070 1080 

CAAGCTGCTG TGGTCTTACG ATCCAAAGGT TCCAGGCAAC ATCGCCGACC GCGGCTGCTG 

1090 1100 1110 1120 1130 1140 

CGATACGGTC AACCGTGGTG CAGCCTACTG GAACGGCAAA GTCTATTTCG GCACCTTCGA 

1150 1160 1170 1180 1190 1200 

CGGTCGCCTG ATTGCCCTGG ATGCCAAGAC CGGCAAGCTG GTCTGGAGCG TCTATACGGT 

1210 1220 1230 1240 1250 1260 

TCCCAAGGAA GCGCAGCTGG GTCACCAGCG CTCCTACACG GTTGACGGTG CTCCCCGTAT 

1270 1280 1290 1300 1310 1320 

CGCCAAGGGC AAGGTCATCA TOGGCAACGG CGGTGCAGAG TTCGGCGCCC GTGGCTTCGT 

1330 1340 1350 1360 1370 1380 

GACGGCGTAT GACGCTGAAA CGGGAAAGAT GGACTGGCGC TTCTTCACCG TTCCGAACCC 

1390 1400 1410 1420 1430 1440 

TGACAACAAG CCGGACGGCG CAGCGTCTGA CGACGTGCTG ATGTCCAAGG CTTATCCGAC 

1450 1460 1470 1480 1490 1500 

ATGGGGCAAG GGCGGCGCGT GGAAGCAGCA GGGCGGTGGC GGTACCGTCT GGGATTCGCT 

1510 1520 1530 1540 1550 1560 

GATCTATGAC CCTGTAACGG ATCTCGTCTA TCTGGGCGTC GGTAACGGCT CGCCATGGAA 

1570 1580 1590 1600 1610 1620 

CTACAAGTTC CGTTCTGAAG GAAAAGGCAA CAACCTCTTC CTCGGCAGCA TCGTGGCCAT 

1630 1640 1650 1660 1670 1680 

CAATCCTGAC ACCGGCAAAT ACGTCTGGCA TTTCCAGGAA ACGCCAATGG ACCAGTGGGA 

1690 1700 1710 1720 1730 1740 

TTATACCTCG GTTCAGCAGA TCATGGCCCT CGACATGCCG GTCAATGGCG AAATGCGCCA 

1750 1760 1770 1780 1790 1800 

TGTGCTCGTG CATGCGCCGA AGAACGGCTT CTTCTATATC ATTGATGCCA AGACCGGTAA 

1810 1820 1830 1840 1850 1860 

GTTCATCTCC GGCAAGCCGT ACACCTACGA GAACTGGGCC AATGGCCTCG ATCCGGTAAC 

1870 1880 1890 1900 1910 1920 

GGGTCGTCCG AACTACAATC CAGATGCTCT CTGGACGCTG AACGGCAAGC CCTGGTACGG 
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1930 



1940 



1950 



1960 



1970 



1980 



CATCCCCGGC GATCTGGGTG GTCATAACTT CGCT6CCATG GCTTACAGCC CACAGACGAA 

1990 2000 2010 2020 2030 2040 

GCTGGTTTAC ATTCCCGCCC AGCAG6TTCC CTTCGTTTAC GATCCGCAGA AGGGTGGCTT 

2050 2050 2070 2080 2090 2100 

CAAGGCTCAC CACGACAGCT GG AACCITGG CCTCGACATG AACAAGATCG GCCTGCTTGA 

2110 2120 2130 2140 2150 2160 

TGACAACGAT CCACAGCACA AGGCTGACAA GGCCCAGTTC CTGAAGGATC TGAAGGGCTG 

2170 2180 2190 2200 2210 2220 

GATCGTTGCA TGGGATCCGC AGAAGCAGCA GGCAGCCTTC ACGGTTGACC ACAAGGGTCC 

2230 2240 2250 2260 2270 2280 

GTGGAATGGC GGTCTTCTGG CAACGGCTGG TGGCGTTCTG TTCCAGGGTC TCGCCAACGG 

2290 2300 2310 2320 2330 2340 

TGAGTTCCAC GCCTACGACG CGACGACGGG TAAGGATCTC TTCACCTTCC CAGCACAGAG 

2350 2360 2370 2380 2390 2400 

CGCCATCATT GCCCCGCCAG TCACCTACAC AGCCAACGGC AAGCAGTATG TTGCGGTTGA 

2410 2420 2430 2440 2450 2460 

AGTGGGCTGG GGCGGTATCT ATCCGTTCTT CCTGGGCGGC GTAGCCCGTA CGTCCGGCTG 

2470 2480 2490 2500 2510 2520 

GACCGTCAAC CACTCCCGGA TCATCGCGTT CGCTCTGGAC GGCAACGACA AGCTGCCAGC 

2530 2540 2550 2560 2570 2580 

CAAGAACGAG CTCGGCTTCG TTCCAGTGAA GCCGCCTGAG AAATGGGATG AAGCCAAGAT 

2590 2600 2610 2620 2630 2640 

CAAGGACGGC TACTTCCAGT TCCAGACCTA TTGCGCAGCC TGCCATGGTG ACAACGGTAT 

2650 2660 2670 2680 2690 2700 

CTCCGGCGGT GTTCTGCCAG ACCTGCGCTG GTCCGGTGCG ATCCGTGGAG AGGAGAAGTT 

2710 2720 2730 2740 2750 2760 

CTACAAGCTC GTCGGCAAGG GTGCTCTAAC GGCCTACGGT ATGGACCGTT TCGACACGTC 

2770 2780 2790 2800 2810 2820 

CATGTCGCCA GCTGAAATCG AAGACATCCG CAACTTCCTT GTGAAGCGCG CCAACGAGTC 

2830 2840 2850 2860 2870 2880 

CTACGCAGAC GAAGTCAAGG CCCGAAAGAA TGAGGCAGGC GTCCCTAACG GCGAATTCCT 
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2890 



2900 



2910 



2920 



2930 



2940 



CAACGTCCCT CAGGGTTCGG TTGCGCCTGC AACGCCGGAC CATCCGTAAC GGGAAACCGT 

2950 2960 2970 2980 2990 3000 

CACGCTGAAA GGAATGAC6T GACATGCTCA AGGCATTAAC TCGGGACAGA CTGGTATCTG 

3010 3020 3030 3040 3050 3060 

AGATGAAACA GGGATGGAAA TACGCGGCCG CAGTCGGCCT CATGGCAGTG TCTTTCGGTG 

3070 3080 3090 3100 3110 3120 

CTGCCCAAGC CCAGGACGCT GATGACGCCC TGATTCAGCG CGGTGCCTAC GTGGCCCGCC 

3130 3140 3150 3160 3170 3180 

TGTCTGACTG CGTTGCCTGC CATACCGCAC TACACGGCCA GCCTTTTGCT GGTGGTCTGG 

3190 3200 3210 3220 3230 3240 

AGATCAAGAG CCCGATCGGC ACGATCTACT CCACCAACAT CACGCCTGAC CCGAAATACG 

3250 3260 3270 3280 3290 3300 

GTATCGGCAA CTATACACTC GAAGATTTCA CGAAGGCGAT CCGTAAGGGT ATCCGCAAGG 

3310 3320 3330 3340 3350 3360 

ACGGCGCGAC GGTTTATCCG GCCATGCCGT ATCCTGAGTT CGCTCGCCTG TCTGATGACG 

3370 3380 3390 3400 3410 3420 

ACATCAAGGC CATGTATGOC TTCTTCATGC ATGGCGTGAA GCCGGTCGCC CTTCAGAACA 

3430 3440 3450 3460 3470 3480 

AGCAGCCGGA CATCTCCTGG CCGATGAACA TGCGCTGGCC GTTGGCCATC TGGCGCGCGA 

3490 3500 3510 3520 3530 3540 

TGTTTGTTCC GACTGTCACA CCAGGCCTCG ACAAGAGCAT CTCCGATCCG GAAGTGGCGC 

3550 3560 3570 3580 3590 3600 

GTGGCGAATA CCTCGTGAAT GGCCCAGGCC ATTGTGGCGA GTGTCATACG CCCCGTGGCA 

3610 3620 3630 3640 3650 3660 

TGGCCATGCA GGTCAAGGGC TATACGGCCA AGGACGGCAA CGCTTACCTC TCCGGTGGCG 

3670 3680 3690 3700 3710 3720 

CACCGATCGA CAACTSGATT GCTCCCASCC TGCGTAGCAA TAGCGACACG GGTCTGGGTC 

3730 3740 3750 3760 3770 3780 

GCTGCTCTGA AGACGACATT GCCGAGTTCC TGAAGAGCGG CCGTATCGAC CATTCTGCCG 

3790 3800 3810 3820 3830 3840 

TCTTCGGTGG CATGGCTGAC GTGGTGGCCT ACAGCACCCA GCACTGGACC GACGACGATC 
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3850 3860 3870 3880 3890 3900 

TGCACGCAAC GGCCAAGTAC CTGAAGAGCA TGCCGGCCGT TCCGGAAGGC AAAAACCTGG 

3910 3920 3930 3940 3950 3960 

GTCAGGATGA C6GCAA6GCC ACGGCCCTGC TCGAAGCCGG TGGCAAGGGT GATGCAGGCG 

3970 3980 3990 4000 4010 4020 

CAGAGGTTTA CCTCCACAAC TGTGCCATCT GCCATATGAA CGATGGCACT GGTGTCAACC 

4030 4040 4050 4060 4070 4080 

GCATGTTCCC GCCGCTGGCT GGCAACCCGG TCGTCATCAC GGACAATGCA ACCTCAATGG 

4090 4100 4110 4120 4130 4140 

CCAACATCGT GACATTCGGC GGTATTCTGC CTCCGACGAA TACGGCGCCA TCIGCTGTTG 

4150 4160 4170 4180 4190 4200 

CCATGCCGGG CTTCCGCGAT CATCTGTCTG ACCAGCAGAT CGCCGATGTT GTGAACTTCA 

4210 4220 4230 4240 4250 4260 

TGCGCAAGAG CTGGGGCAAC CAGGCTOCGG GAACCCTGTC TGCCTCGGAT ATCCGCAAGC 

4270 4280 4290 4300 4310 4320 

TCCGCACATC GGGTACTGCG GTTTCCACGG CCGGCTGGAA CGTCTCTTCC AAGGGCTGGA 

4330 4340 4350 4360 4370 4380 

TGGCCTACAT GCCGCAGCCT TATGGCGAAG GCTGGACCTT CTCCCCGCAG ACACACACGG 

4390 4400 4410 4420 4430 4440 

GCGTGGATCA GGCTCAGTAA GCCTCTCCAG ACCCTGTCAG TCTGACAGAA AAGGGCGGTC 

4450 4460 4470 4480 4490 4500 

CGGATACGGG OCGCCTTTTT CTTTTGTATT CAGGCCGTTT TCACAGGATG GCATCCTGCA 

4510 4520 4530 4540 4550 4560 

CTACATATGA AGGCATGACT CCCTTCTCGT CTTCTGCTCC GCAGTCAGTT TTTCCTTTGG 

4570 4580 4590 4600 4610 4620 

CAACAGGCGC AGGCCGCGCA GCATTGCCAT CATGCGCGCC AGGACCCGGA AGCGCCGAGC 

4630 4640 4650 4660 4670 4680 

TTCTCAAGAG CCTCIGCGGT TCCCTTCCTG ACCCTCGACG CGCCACCTGC GCAGCTGCGC 

4690 4700 4710 4720 4730 4740 

CATCAAGGCG AAGTGCTGGA TCATGCCGTG GTTCTCTGGC TTCCTGGACC GAAATCCTAC 

4750 4760 4770 4780 4790 4800 

ACCGGCGAAG ACGGGTGTCG AACTCCACCT TCATGCTGGA CCCGCTGTTA TCACTCGCGT 

4810 4820 4830 4840 4850 4860 
TGCGGATGCT CTGACCGATC TGGGTGCACG 
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